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Abstract— Bioethanol conversions has long been considered as a possible solution for whey utilization. The existence of wild ethanol-
fermenting yeasts that able to hydrolyze lactose become an important thing. Aims of the research was to isolate and identified the 
potential ethanol-fermenting yeasts from mozzarella cheese whey. Research done experimentally and analyzed descriptively. Yeast 
candidates isolated from mozarella cheese whey with pour plate method and purified on Potato Dextrose Agar (PDA) with the 
addition of 3% Yeast Extract and 10 ppm of Amoxycillin. The candidates were tested to stress tolerance towards various sugar and 
ethanol contents. Ethanol-fermenting yeast candidates tested in converting whey into bioethanol by inoculating 2% isolates into 
mozzarella cheese whey and incubated in room temperature (26-28°C) for 48 hours, then the ethanol contents tested by Gas 
Chromatography. The isolate that gave the highest ethanol contents identified using RapID Yeast Plus System. Results showed that 
there are 5.8 x 105 cfu/ml yeasts population in mozzarella cheese whey with four isolates that has different macroscopic character. 
Four candidate showed endurance towards 30% sugar and 20% ethanol contents and isolate W2 chosen as best isolate that produce 
the highest ethanol contents of 1,515.973 ppm. RapID Yeast Plus System has identified the isolate W2 has 96.43% similarity with 
Candida lambica. 
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I. INTRODUCTION 
Bio-conversions of cheese whey into ethanol becoming an 
interesting alternative for reducing the amount of pollutant 
disposal into the environment. Whey utilization could reduce 
disposal of high organic matter into stream which manifested 
in biochemical oxygen demand (BOD) of 30-50 g/L and 
chemical oxygen demand (COD) of 60-80 g/L with lactose 
as the most part that responsible for it [1][2]. The future 
trend for cheese factories is to move towards zero discharge, 
i.e., move away from high disposal costs and find more 
environmentally friendly and profitable applications such as 
fermenting lactose [3]. Although rare, lactose fermentation 
to ethanol could be done by yeasts. Kluyveromyces spp. and 
Candida spp. was the popular yeasts that could ferment 
lactose into ethanol [1][5][6]. Saccharomyces cerevisiae was 
a frequently used yeast in ethanol producing process because 
the good fermentative capacity and ethanol tolerance that 
allowing to produce up to 20% (v/v) ethanol, however wild 
S.cerevisiae strain are unable to metabolise lactose [9].  The 
search of other lactose to ethanol fermenting yeasts, 
especially wild yeasts that has endurance towards high 
ethanol stress were still done to enhance the results [1]. 
 
Diversity of wild yeasts in cheese whey will depend on 
the cheese production process. One of the most cheese 
produced in recent years is mozzarella cheese which using 
chymosin and lactic acid culture in their cheese-making 
process [10]. Previous research showed several yeasts with 
specific capability originally isolated from chesees and milk 
products, has capability in utilizing variety of milk 
components and its derivatives as growth substrates [11].  
Many of yeasts strain with ethanol fermenting capabilities 
such as S. cerevisiae, K. Marxianus, K. lactis, C. Kefyr and 
C. Sphaerica was found in mozzarella cheese which is 
possible become residues in their whey [13]. 
Aims of the research was to isolate and identify the 
potential ethanol-fermenting yeasts from mozzarella cheese 
whey. Meanwhile, the tolerance of high ethanol and sugar 
concentrations are important characteristics that should be 
possessed by yeasts for industrial ethanol production [14]. 
Therefore, yeasts ability in producing ethanol determined 
and the resistance towards high ethanol and sugar 
concentration also tested. Chosen isolate that produced 
highest ethanol content and has ability to tolerate high 
ethanol and sugar content were identified with RapID Yeasts 
Plus System. 
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II. MATERIALS AND METHODS 
Mozzarella cheese whey taken from Koperasi Peternak 
Bandung Selatan (KPBS), Pangalengan, Bandung District. 
Isolation and purification of yeasts used Potato Dextrose 
Agar/PDA (Oxoid Ltd.), 3% Yeast Extract/YE (Kraft Foods) 
and amoxycillin. Nutrient Broth/NB (Oxoid Ltd.), Glucose 
monohydrate (Oxoid Ltd) and ethanol used to determined 
yeasts tolerance towards high sugar and ethanol. RapID 
Yeast Plus System (Remel Inc.) used to identify of the best 
yeast isolate that produce highest ethanol contents. 
Total yeasts population of mozarella cheese whey 
identified with pour plate method at room temperature (26-
28°C) incubation for 48 hours and counted with total plate 
count method, then different morphological yeasts appear 
was identified. Yeasts candidate streaked and purified on 
PDA with the addition of 3% YE and 10 ppm of 
Amoxycillin [15]. To determine the isolates endurance 
toward stress condition, the candidates were tested on the 
media (NB with the addition of 3% YE and 10 ppm 
amoxycillin) with various sugar percentage (10%, 20%, 30%) 
or various ethanol contents (5%, 10%, 15%, 20%) then 
incubated 48 hours in room temperature (26-28°C), sediment 
formation observed qualitatively [16].  
Candidates capability in producing bioethanol from whey 
tested by inoculating 2% isolates into mozzarella cheese 
whey and incubated in room temperature (26-28°C) for 48 
hours, then the ethanol contents tested by Gas 
Chromatography. Yeast isolate that produce highest ethanol 
contents identified using RapID Yeast Plus System [17]. 
III. RESULTS AND DISCUSSIONS 
A. Characterization of yeasts isolated from mozzarella 
cheese whey  
The results showed that there are 5.8 x 105 cfu/ml total 
yeasts population with four yeast-like microorganisms 
isolated from mozzarella cheese whey which shown in table 
1. Yeast-like microoganisms survived at modified media 
with 10 ppm amoxycillin addition. All identified yeast-like 
microorganisms designated as W1, W2, W3 and W4 carried 
on the basis of their morphological characteristic. 
Morphological criteria include the appearace of the cell 
including color, colony form, size and physiological ability 
in surviving antibiotic presence on the media [18]. 
TABLE I 
YEAST-LIKE MICROORGANISMS ISOLATED FROM MOZZARELLA WHEY 
Isolate Color Colony Form Size 
(µm) 
Macroscopic Colony Form Microscopic Colony Form 
W1 white, flat 
 
round 
 
7.37  
 
 
 
W2 white, shiny 
 
irregular 
 
5.7 
 
 
 
W3 White thin 4.56 
 
 
 
W4 transparent white, shiny  slimy 5.66 
 
 
 
Yeasts is ubiquitous in the environment, especially in 
sugary and nutritious substrates such mozzarella cheese 
whey [14]. The presence of yeasts on mozzarella cheese 
whey showed that yeasts were able to utilize all of the 
nutritions remains. Cheese whey still contained nutritions 
such lactose, protein, fat, and mineral that can be utilize for 
yeasts growth [19]. Yeasts have main mechanisms such as 
lactose fermentations, lactic acid utilization, lipolytic and 
proteolytic activities to survive in cheese and their 
derivatives products such whey [21].  
As same as other microorganisms, yeasts need enough 
nutrition and conducive environment to support their growth. 
Aside from carbohydrates, yeasts also utilize carbon from 
citric acid, lactic acid, malic acid, succinic acid and tartaric 
acid resulting from fermentation. The main source of 
nitrogen for yeasts growth were ammonia, amino acid, 
peptide, pepton and other soluble proteins. Yeasts also 
require other substances such as vitamins and minerals for 
growth, albeit in small quantities. Some vitamins were often 
used for yeast growth is biotin, riboflavin, niacin and 
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thiamin. Iron (Fe), Cuprum (Cu), Kalium (K), Zinc (Zn) and 
Iodium (I) was minerals that used for yeasts growth [22]. 
B. Yeast tolerance toward high sugars and ethanol 
concentrations 
Yeasts ability in tolerate high sugar and ethanol 
concentrations shown at table 2. The result showed that all 
of the yeast-like microorganisms chosen (W1, W2, W3 and 
W4) were able to tolerate sugar concentration until 30% and 
ethanol concentration until 20%. High sugar and ethanol 
tolerance were qualitatively shown by sediment formed on 
the media. The decrease of sediment formed in line with 
sugar concentrations escalation and the increase of ethanol 
concentration.
TABLE III 
QUALITATIVE TEST OF YEASTS TOLERANCE TOWARDS HIGH SUGARS AND ETHANOL CONCENTRATION 
Isolates Sugar Concentration  Ethanol Concentrations 
 10% 20% 30%  5% 10% 15% 20% 
W1 +++ ++ +  ++++ +++ ++ ++ 
W2 +++ ++ +  +++ +++ ++ ++ 
W3 +++ ++ ++  +++ ++ ++ ++ 
W4 +++ ++ ++  +++++ ++++ +++ + 
++++ = very good growth, +++ = good growth, ++ = weak growth, + = feeble growth 
 
The presence of sugar is one of the factor that can 
increase or delay yeast growth. Different kind of sugar gave 
various effect such as fructose that gave inhibition effect 
thru increasing ethanol toxicity activity toward yeast, while 
glucose were more supportive for ethanol production up to 
15% concentration [8]. Previous research reported that sugar 
concentrations from 20 to 30 % decreased yeast growth rate 
as shown in sediment formed decrease by all of the isolates 
[24]. Higher sugar concentrations resulting in higher osmotic 
pressure that cause lowest growth rate of yeasts [25]. Yeast 
can be survived on high sugar concentration substrates 
which mean has a high osmotic pressure through synthesis 
and retention of glycerol [26]. 
Ethanol is hazardous for yeasts because it can be role in 
inhibiting growth along with the increase of concentration 
[27]. The presence of ethanol can damages mitochondrial 
DNA in yeast cells and cause inactivation of hexokinase and 
dehydrogenase enzyme [28]. Ethanol impaired cellular wall 
permeability disrupting sorting and signaling function so that 
decreases growth rates, fermentation rates and cell viability 
of yeasts [7], however there are seven yeasts that have 
ability to tolerate ethanol until 12% concentration and some 
other yeasts has ability to tolerate ethanol until 14% [14]. 
Previous study found that yeasts isolated from orchard soil 
isolates could tolerate 20% ethanol concentration, same with 
yeast-like microorganisms originally from mozzarella cheese 
whey as shown on table 2 [29]. 
 
   
(a)  (b) 
   
 (c) (d) 
 
Fig 1. The results of gas chromatography of ethanol concentration produced from mozzarella whey fermentation by isolates W1 (a), W2 (b), W3 (c) and W4 (d) 
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C. Ethanol production 
Ethanol concentrations resulting from mozzarella cheese 
whey fermentation by indigenous yeasts shown by Figure 1 
and Table 3. The highest ethanol content produced by 
isolates W2 with 1,515,973 ppm ethanol contents. The 
results on Figure 1 (a) showed that ethanol produced by 
isolates W1 detected on peak number 2 with 2.618 minutes 
retention time with resulting area intensity of 3,003,28. 
Figure 1 (b) detected the ethanol produced by isolates W2 on 
peak number 2 with 2.613 minutes retention time with area 
intensity of 3,814,46. Figure 1 (c) showed that ethanol 
produced by isolates W3 detected on peak number 2 with 
2.615 minutes retention time with area intensity of 3,308,11. 
Meanwhile isolates W4 shown area intensity of 4,598,64 
which detected on peak number 2 with 2.614 minutes 
retention time.  
TABLE IIIII 
ETHANOL CONCENTRATION 
Isolate Area Conc. 
µg/ml 
Dilu- 
tion 
mL 
Vol. 
Sample 
mL 
Ethanol 
(ppm) 
W1 3,003,28 4,891.75 7 50 684.845 
W2 3,814,46 6,213.00 12.2 50 1,515.973 
W3 3,308,11 5,388.26 9.1 50 980.663 
W4 4,598,64 7,490.29 8.7 50 1,303.31 
 
Microorganisms’ ethanol production resulted from long 
chain metabolic reactions. The main metabolic process is 
glycolysis, a series of enzyme-catalyzed reactions that 
convert glucose into pyruvate in order to generate the energy 
and reducing equivalents required for driving downstream 
cellular activity such as ethanol production [12].  
The process of ethanol formation by yeast, made through 
the utilization of existing carbon source in a substrate. 
However, not all yeasts species have the same ability to 
hydrolize specific carbon source contained in substrate. As 
in whey, yeast must have the ability to hydrolize lactose. 
Several types of yeast are less effective in hydrolyze lactose 
so it can not perform advanced fermentation and form 
ethanol. This is because yeast lactase activity was so weak, 
so that lactose can not be utilized perfectly. Under optimum 
conditions, the yeast can produce 0.5 g ethanol of 1 g of 
lactose [19]. The ethanol-fermenting yeasts posessed 
proteolytic but not lipolytic activities, produced low amounts 
of sulphur dioxide and hydrogen sulphide and different 
quantities of higher ethanols, ethyl acetate and acetaldehyde 
depending on the species and strains [30]. 
Lactose fermentation to ethanol can be done by several 
kinds of yeast. Kluyveromyces spp. and Candida spp. was 
popular yeast that can ferment lactose into ethanol 
[1][2][6][23]. Saccharomyces cerevisiae is the yeast that 
often used in the production of ethanol because has good 
fermentation capacity and tolerance toward ethanol so it 
could produce ethanol until 20% (v/v), however wild 
S.cerevisiae strain was not able to utilize lactose for 
metabolism [9]. The quest of wild yeast that has the ability 
to ferment ethanol from lactose continues to be done, 
especially for yeast that has resistance toward high ethanol 
concentrations with the goal of improving the existing 
results [1]. Efficient bioethanol fermentation requires the 
selection of superior strains that are capable of ethanol stress 
tolerance [20]. 
D. Yeast Identification 
The preliminary tests of yeasts tolerance towards sugar 
and alcohol with the ability to produce ethanol resulting 1 
best isolates with the highest ethanol production. Isolates 
W2 was the best mozzarella cheese whey indigenous yeast 
with the ability to survive in the sugar content of 30%, 
tolerate 20% alcohol content and produce bioethanol 
amounted to 1,515.973 ppm. 
 
 
Microcode: 100003 Reference No: W2
System Tests +GLU  96% -TRE  00% -NAGA 00% -ONPG 00% -PHS  90% +PRO  92%
 
-MAL  00% -RAF  00% -αGLU 00% -αGAL 00% -PCHO 91% +HIST 78%
 
-SUC  00% -LIP  04% -βGLU 08% -βFUC 00% -URE  01% -LGY  08%
 
IDENTIFICATION = C. lambica
Choice Probability Bioscore Contraindications
C. lambica 96.43% 1/202 PHS [90] PCHO[91] 
C. zeylanoides 2.50% 1/1089 GLU [ 7] HIST[ 2] 
C. krusei 0.50% 1/3528 PRO [ 0] 
C. parapsilosis 0.44% 1/3407 αGLU[94] PHS [80] PCHO[77] HIST[15] 
Rhod. rubra 0.12% 1/16157 GLU [ 9] URE [97] 
Probability Level: Adequate
Biofrequency: Acceptable
 
 
Fig 2. Identification result of Isolates W2 with RapID Yeast Plus System 
 
The result of yeast identification with the Rapid Yeast 
Plus System states that yeast isolates W2 has similar 
characteristics to 96.43% with Candida lambica. Isolates 
were identified as Candida lambica having the ability to 
utilize glucose as a source of energy and able to perform 
enzymatic hydrolysis of arylamide substrate releases free β-
naphtylamide on proline and histidine. As mentioned on the 
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previous research, Candida lambica has ability to fement 
and assimilate glucose and also resulting ethanol, with 
ability to tolerate glucose until 50% concentration [4]. 
Previous research states that some yeasts isolated from 
cheese whey and dairy products, have the ability to utilize 
various components of milk and its various derivatives as 
nutrients for growth [11]. Some kinds of yeast with ethanol 
fermentation capabilities such as S. cerevisiae, K. Marxianus, 
K. lactis, and C. sphaerica, C. kefyr found in mozzarella 
cheese that can also left in their whey [13]. 
Referring to the preliminary results, selected yeast strains 
were also have the ability to tolerate high levels of sugar and 
ethanol stress. Candida lambica known to have the ability to 
produce fatty acids in the phospholipids cell wall to 
overcome the environment stress. In these conditions, 
tributirin, lecithin and behenic acid is produced to form the 
cell wall coating layer to replace fat that lost by lipolytic 
process and osmotic pressure that arises, so that C.lambica 
was able to survive [31]. 
Some studies states that Candida spp. has ability to 
ferment lactose. Candida pseudotropicalis to be the most 
effective in converting lactose to ethanol [32]. However C. 
Pseudotropicalis cannot survive on high concentration of 
lactose and ethanol. Utilization of whey by Candida spp. 
Can be done by considering nutrient, lactose concentrations 
(5-20%), micro-aeration and also can be done in batch 
fermentation that can produce ethanol from 4.1 to 5.8% [33]. 
Candida lambica was type of yeast that commonly 
combined with other yeast for alcoholic products 
fermentation such as wine [34]. The ability to tolerate 
environmental stresses support C.lambica to produce ethanol 
from lactose nicely. This is in line with the results in Table 3, 
which shows that C.lambica produce the highest ethanol 
concentrations compared to other isolates. 
IV. CONCLUSIONS 
The isolation and identification of potential ethanol-
fermenting yeasts from mozzarella cheese whey has shown 
four potential yeast-like isolates. All of the yeast-like 
isolates has tolerance of sugar concentrations until 30% and 
ethanol concentrations until 20%. The best isolates was 
isolates W2 that could produce 1,515.973 ppm ethanol and 
identification with RapID Yeasts Plus System showed that 
the isolates has 96.43% similarity with Candida lambica. 
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